We describe the nature of human behavioral organization, specifically how resting and active periods are interwoven throughout daily life. Active period durations with physical activity count successively above a predefined threshold, when rescaled with individual means, follow a universal stretched exponential (gamma-type) cumulative distribution with characteristic time, both in healthy individuals and in patients with major depressive disorder. On the other hand, resting period durations below the threshold for both groups obey a scale-free power-law cumulative distribution over two decades, with significantly lower scaling exponents in the patients. We thus find universal distribution laws governing human behavioral organization, with a parameter altered in depression.
Universality in waiting time distributions is abundant in a wide range of complex systems: e.g., earthquake occurrences [1, 2] , human communication [3, 4] , and in neuronal avalanches [5] , where it has been associated with critical branching processes [6] and systems showing (on-off) intermittent dynamics [7] .
In models of human dynamics at a macroscopic level of interhuman communication, a phenomenological priority concept has been suggested [3, 4] to account for the nonPoisson statistics and universal scaling. Yet, the origins of the universality and the emergence of an apparent physical law of human communication dynamics are, to date, not evident. It is intriguing to observe that waiting time distributions at microscopic scales of neuronal avalanches in neurocortical circuits [5] exhibit universality of an analogical class to that of decision making based human communication dynamics, successfully modeled by a critical branching process [6] . However, a hierarchical distance in these multiscale human dynamics between the local neuronal circuits and social interactions is large.
In this Letter, we reveal an analogical universality class in human behavior at an intermediate scale. By studying quantitatively how periods of lower levels of activity are interwoven with those of higher levels of activity throughout daily life, we identify the underlying criticality signature of human behavioral organization governing the onset and termination of movement and its alterations in clinical depression [8] .
We analyze so-called locomotor activity data in humans, capturing even slight bodily acceleration counts in a continuous fashion (Fig. 1) and report a robust statistical law governing the temporal organization of periods of lower levels of activity (resting periods) and higher levels of activity (active periods). We find that the cumulative probability distribution of resting periods with lower levels of activity takes a power-law form over two decades, while the cumulative distribution of active periods with higher activity levels takes a stretched exponential form. Surprisingly, these statistical laws, after being rescaled by the mean waiting times, are not affected by altering the threshold value to calculate the waiting times. They share the distribution form for individuals considerably different in their daily living, and regardless of whether healthy or suffering from major depression, therefore suggesting the presence of universal laws governing human behavioral organization.
Locomotor activity data, defined as counts of events in which an acceleration signal crosses zero-level within a predefined time, were acquired from 14 patients with major depressive disorder (age: 32:9 5:9 years; mean S:D:) and 11 age-matched healthy control subjects (age: 32:7 15:7 years) [11] . Zero-crossing counts were accumulated for every 1 min, both in the patients and in the healthy controls. The activity sensors have the capability of detecting small changes in wrist acceleration (up to 0:01g) so that even slight movements of the subjects, ranging from, e.g., writing or working on a computer to physical exercise, are registered.
Examples of locomotor activity data for a control subject and a depression patient over 5 consecutive days (Fig. 1) show a clear circadian rest-activity cycle in the control subject, while in the patient, such a rhythmic pattern is much disrupted, reflecting the reported chronobiological abnormality in depression [15] [16] [17] . During the daytime, locomotor activity of the depression patient also shows intermittent bursts in the activity counts, while the data for the control subject are characterized by more sustained activity levels. To evaluate such an intermittency over the whole of the recording periods, we estimate the cumulative distribution Px a of durations a of both resting periods, where the activity counts are successively lower than a certain predefined threshold value, and of active periods, where the counts are successively higher than the threshold. We first describe the results when an overall average of nonzero activity counts is used as the threshold. An evaluation of the effects of the threshold on Px a follows.
The averaged cumulative distribution of resting period durations for depression patients is higher than that for control subjects [ Fig. 2(a) ], especially at longer times, implying more frequent episodes of longer resting periods in the patients; this suggests more episodes of slowing down or cessation of movement in the patients. The resting period distributions for healthy controls and depression patients take a power-law form Px a a ÿ over more than two decades (from 2 min to 200 min) [18] , with significantly (p < 0:0001) [19] different scaling exponents of 0:92 0:06 for controls and 0:72 0:11 for depression. This is associated with a significantly (p < 0:001) longer mean resting period duration in the patients (15:64 6:19 min ) than in the control subjects 
ends of the waiting time, with the slope consistently greater in the control subjects, as reflected in the group-averaged, rescaled cumulative distributions [ Fig. 2(e) ]. This results in a significant (p < 0:0001) between-group difference in the scaling exponents for rescaled a ranging from 0.1 to 10.0: 0:92 0:08 for controls and 0:74 0:12 for depression. On the other hand, active period durations for both controls and depression patients obey a stretched exponential functional form rather than a power-law distribution [ Fig. 2(b), 2( The mean resting and active period durations are, by definition, influenced by the choice of threshold values; the higher the threshold, the longer the mean resting periods and the shorter the active periods. However, the shapes of the rescaled, cumulative distributions are not altered by choosing from a wide range of threshold values (Fig. 3) . In Fig. 3 , we test this for different threshold levels ranging from 0.6 to 1.6 times the overall nonzero activity counts used above.
Recently, the intermittent and/or heavy-tailed nature of human decision making activities has been attracting significant scientific interest. For instance, Barabási et al. [3, 4] developed a model based on a queuing theory, successfully accounting for the heavy-tailed distribution of waiting time statistics observed in email communications, Web browsing, and trade transactions. In their model, humans are presented with multiple tasks and choose [with the probability of x x ] between them based on some priority levels (x's) in order to decide the timing of the task execution. The waiting time probability distribution of this model, in the ! 1 limit, predicts a universal class of P ÿ1 observed for the various empirical data. In our case of human locomotor activity, the exponent 0:92 of the cumulative distribution of waiting times of the activity bursts (the resting period durations) for healthy subjects corresponds to P ÿ1:92 , a special case of Barabási's model [3] where the is close to unity and the task priorities are given randomly. Thus, it can be argued that the healthy subjects execute their (even slight) physical activity with the probability [x] proportional to a randomly given priority x, or a physiological demand, to initiate their actions. Further, the exponent 0:72 for depression patients, compatible with much greater than unity [3] , implies that the patients tend to react only to higher physiological demands [because of the x x nature].
An alternative hypothesis for the explanation of the above P ÿ2 law of waiting time statistics in healthy subjects may involve the underlying avalanche type propagation of neural activity signaling onsets of activity by the subject. An analogical scaling law has been observed experimentally in living neural networks at criticality [5] and has been suggested theoretically in a critical branching process [6] as a model of neural avalanches. Indeed, we find that the cumulative distribution of burst size Px S, where S is the total counts for active periods, for healthy controls takes a power-law form Px S S ÿ0:5 (Fig. 4 ) [20] , which is compatible with the PS S ÿ1:5 law in the neural avalanches and the critical branching model [5, 6] . The time scale of human activity fluctuations is much longer than that of the neural bursts in the experiments and models above. Yet, the possibility of explaining the P ÿ2 in distribution by the underlying neural criticality in healthy individuals and the apparent dissociation from this law in depression patients seems attractive and worth further attention. The active period durations of both healthy subjects and depression patients show the gamma-type ( 0:5) stretched exponential distribution. It has been demonstrated that the products of a finite number of random variables lead to a stretched exponential distribution, px expÿx , where the exponent is an inverse of the number of products in the multiplicative process [21] . Thus, it can be argued that the active periods are terminated based on a joint probability of two (i.e., about 1=) factors such as, e.g., less vigor and more fatigue.
In summary, we find an underlying robust law governing behavioral organization of humans. Specifically, the cumulative distribution of resting periods with lower levels of activity, or waiting times for active (burst) periods, shows the intermittent and/or heavy-tailed nature, of which the underlying mechanism is possibly shared by a wide range of human dynamics with heavy-tailed distributions of waiting time statistics. Importantly, we further demonstrate here that a parameter for the power-law distribution function of resting period durations, i.e., the scaling exponent , is significantly smaller in patients with major depression than in healthy control subjects. The finding of the alteration of a parameter of the robust law governing the organization of resting periods may form the basis for providing a quantitative index to characterize the severity of depressive disorders in clinical settings. We also believe that an understanding of the neurobiological basis for complex human behavior and social interactions will be facilitated by identifying the underlying multiscale mechanism of the heavy-tailed distribution of waiting times for active periods, which we show to be shared by that of both the local neuronal circuits and that of the social interactions. 
